The Schiff base, 3-hydroxyquinoxaline-2-carboxalidine-4-aminoantipyrine, was synthesized by the condensation of 3-hydroxyquinoxaline-2-carboxaldehyde with 4-aminoantipyrine. HPLC, FT-IR and NMR spectral data revealed that the compound exists predominantly in the amide tautomeric form and exhibits both absorption and fluorescence solvatochromism, large stokes shift, two electron quasireversible redox behaviour and good thermal stability, with a glass transition temperature of 104 C. The third-order non-linear optical character was studied using open aperture Z-scan methodology employing 7 ns pulses at 532 nm. The third-order non-linear absorption coefficient, b, was 1.48 Â 10 À6 cm W À1 and the imaginary part of the third-order non-linear optical susceptibility, Im c (3) , was 3.36 Â 10 À10 esu. The optical limiting threshold for the compound was found to be 340 MW cm
Introduction
Materials with excellent optical non-linearity and spectral characteristics are required for high-level technologies such as data storage, information processing, telecommunications and optical switching. Organic materials having p-extended frameworks with alternating single (s) and double/triple bonds exhibit photoluminescence and enjoy many applications as organic lightemitting diodes (OLEDs) [1] . Fluorescent heterocyclic dyes whose fluorescence emission occurs at red wavelengths are expected to play a leading role in full color electroluminescence displays [2e7] . Several quinoxaline derivatives as well as heterocycles that contain a quinoxaline moiety have p-extended frameworks and are much used as photoluminesent molecules [8e10] and electron-transport materials in multilayer OLEDs [11, 12] . For use in LEDs, a knowledge of the photophysical characteristics of the charge-transporting materials is of fundamental importance in terms of the optimisation of device properties and is also valuable for the design of potential new blue-light emitters [13] . In recent years, numerous reports on the photophysical properties of quinoxalines have appeared [14e23] . Organic compounds are also important for photonic devices because of their optical non-linear properties [24] . This paper concerns an investigation of the solvatochromism, tautomerism, electrochemistry, thermal analysis and non-linear optical character of the Schiff base, 3-hydroxyquinoxaline-2-carboxalidine-4-aminoantipyrine (HQCAAP).
Experimental

Materials
All chemicals were obtained from SigmaeAldrich (Bangalore, India) and were used as supplied. Organic solvents used were purified and dried using standard methods.
Methods
Microanalyses of the compound was carried out using an Elementar Vario EL III CHNS elemental analyzer. Room-temperature FT-IR spectrum was recorded as KBr pellets using a JASCO FTIR 4100 Spectrophotometer in the 4000e400 cm À1 range. ) using a Perkin Elmer Pyres Diamond TG/DTA analyser. DSC analysis was carried out using a Mettler Toledo DSC 822e at a heating rate of 10 C min À1 under nitrogen atmosphere. The powder X-ray diffraction pattern of HQCAAP was recorded on a Bruker model D8 (CuKa source) X-ray diffractometer form 2-theta values 5e120 at a step time 0.2 s. Cyclic voltammetric studies were carried out with a BAS EPSILON Electrochemical Analyser using glassy-carbon working electrode. A Pt wire and Ag/AgCl were used as counter and reference electrodes, respectively. HPLC analysis was performed using a Dionex UltiMate 3000 HPLC system equipped with pump, autosampler column compartment, photodiode array detector and Chromeleon software. Separation was carried out using an Acclaim 120 column, C18 5 mm 120 Å (4.6 Â 250 mm), with a guard column packed with the same material. The column was maintained at 30 C throughout the analysis and detection was carried out at 254 nm. HPLC grade acetonitrile and water (Qualigens) were used for sample preparation and as mobile phase; the mobile phase used was 70% acetonitrileewater with a flow rate of 1 mL/min.
The third-order non-linear optical character was determined using the single beam, Z-scan technique employing a 1.0 Â 10 À5 mol L À1 ethanolic solution of the compound. A Q-switched Nd:YAG laser (Spectra Physics LAB-1760, 532 nm, 7 ns, 10 Hz) was used as light source. The sample was moved in the direction of light at the focal point of the lens (focal length 200 mm), the radius of the beam waist being calculated as 35.467 mm. The Rayleigh length, Z R was estimated to be 7.42 mm, this being much greater than the thickness of the sample cuvette (1.1 mm), which is an essential prerequisite for Z-scan experiments. The transmitted beam energy, reference beam energy and their ratio were measured simultaneously using an energy ratiometer (Rj7620, Laser Probe Corp.) having two identical pyroelectric detector heads (Rjp735). The effect of fluctuations of laser power was eliminated by dividing the transmitted power by the power obtained at the reference detector; both measured using identical photo detectors. The schematic diagram of the experimental setup used is shown in Fig. 1 .
Synthesis of HQCAAP
The Schiff base, 3-hydroxyquinoxaline-2-carboxalidine-4-aminoantipyrine (HQCAAP), was synthesized by employing the procedure of Arun et al. [25] . Yield: (90%, 9.3 g). Anal. Cald. for C 20 
Results and discussion
Hydroxyquinoxalines and their derivatives exhibit prototropic amideeiminol tautomerism and most of them exist in the predominant amide form in the solid state [23,25e30] . Crystalline nature of the HQCAAP is confirmed from the presence of well defined peaks in its powder XRD pattern (Fig. 2) . The IR spectrum of the HQCAAP shows one broad, strong absorption band at 3451 cm À1 which is either due to a hydrogen bonded n (OH) in the iminol tautomer or n (NH) in the amide tautomer. In the amide tautomeric form, the molecule contains two types of ketonic groups, one attached to the quinoxaline ring and the other in the pyrazoline ring. The pyrazoline carbonyl stretch in the case of Schiff base ligands derived from 4-aminoantipyrine and substituted salicylaldehydes is in the 1616e1665 cm À1 range [31] .
In the present case, there is a strong band at 1656 cm À1 which may be due to the n C]O stretch of the pyrazoline ring of the Schiff base.
The peaks observed at 1670 cm À1 may be due to (shoulder) and 424 nm. The electronic spectrum of the species corresponding to the major peak is due to the amide form and that corresponding to the minor peak is due to the iminol from [23] . Thus the Schiff base exhibits prototropic tautomerism and exists in the predominant amide form. The two tautomeric structures are shown in the Scheme 1.
To study the effect of solvent on the absorption spectrum, we recorded the spectrum of HQCAAP in solid state and in various solvents with different polarities. The concentration of the solution was 10 À5 mol l
À1
. The solvents used were methanol, ethanol, isopropyl alcohol, tetrahydrofuran, acetonitrile, dichloromethane, dimethylformamide, dimethyl sulphoxide, ethylacetate, equimolar HQCAAP and NaOH in methanol and 1:1 hexaneemethanol. The solid state diffuse reflectance spectrum (DRS) of HQCAAP shows bands at 253 nm, 354 nm, 482 nm and 625 nm (shoulder). The first one is due to the p / p* transitions of the heterocyclic quinoxaline ring and the second one is due to the n / p* transition of the eC] Ne group in quinoxaline ring [23] . The azomethine n / p* transition appears at 482 nm. The shoulder band at 625 nm may be due to the intramolecular charge transfer transition. The highest energy absorption bands in the solution spectra (all solvents) are assigned to p / p* transitions by virtue of their large molar extinction coefficients ( Table 1 ). The n / p* transitions of the quinoxaline ring appears as a shoulder band around 355 nm [23] . The band centered on 420 nm is due to the n / p* transitions of the azomethine group.
The absorption peaks are blue shifted in solution with respect to the peaks in the DRS spectrum. In solution, the ground state of HQCAAP is stabilized by hydrogen bonding with the solvent. In the excited state, the hydrogen bond of the molecule is almost completely broken or weakened to a larger extend. As a result the excited state is less stabilized and absorption is shifted to higher energy [32, 33] .
The longest wave length absorption band of HQCAAP in various solvents lies between 415 and 431 nm and is seen to increase with increasing solvent polarity (Fig. 4) . This positive solvatochromism exhibited by the compound may be due to the effect of dipole moment changes of the excited state, changes in the hydrogen bonding strength and/or due to excited state protonation [32, 33] . Furthermore, in the present case there is a possibility for the polarization of the lactam system of the pyrazolone ring leading to a net negative charge on the oxygen atom [34] , which may also influence the absorption characteristics of HQCAAP. To study the absorption characteristic of the enolate anion of HQCAAP, we recorded the UVeVis spectrum in methanol containing an equivalent amount of NaOH ( Table 1) . The enolate anion, formed by the dissolution of HQCAAP in an equivalent amount of NaOH in methanol, absorbs at a higher wavelength compared to the nonenolate from [35, 36] . Also the presence of well defined isosebestic points (at 218, 246 324, 350 and 515 nm) in the UVeVis spectra of HQCAAP recorded in 1:1 methanolehexane mixtures (10
at different time intervals (Fig. 5 ) reveal that in this medium the compound contains more than one absorbing species [37] .
The compound, HQCAAP, shows different colours in UV light and this prompted us to study its fluorescent behaviour. A comparison of the different colours exhibited by the compound in visible and UV light is shown in Fig. 6 . The photoluminescence spectra of the compound in various solvents (10 À5 mol L À1 ) at two different excitation wavelength (270 and 430 nm) were recorded and are not identical. At the excitation wavelength 430 nm HQCAAP exhibits a single emission peak in methanol and ethanol and dual fluorescence with two well resolved fluorescence bands in all other solvents (Fig. 7 and Table 2 ). However the compound exhibits dual fluorescence in all solvents at the excitation wavelength 270 nm (Fig. 8 and Table 2 ). The emission maximum is shifted to shorter wavelength in more polar solvents, thus exhibiting a negative fluorescent solvatochromism, which indicates that the molecules become less polar in the excited states than in the ground state. The stokes shift in various solvents were seen to vary in the range 80e207 nm ( Table 2 ). The large stokes shift for the present case may be either due to its less rigid structure or due to significant molecular rearrangement, that takes place upon photoexcitation. The stokes shift decreases with increasing solvent polarity.
Eventhough the HQCAAP is crystalline, it forms thin films, which is evident from its optical spectra of the acetone solution coated on a quartz plate by thermal evaporation technique. The UVeVisible absorption spectrum and photoluminascent spectrum with an excitation wavelength 430 nm of the thin film of the compound are shown in Fig. 9 . This absorption spectrum of HQCAAP is characterized by three major absorption peaks at 214, 332 and 463 nm; where as, its photoluminascent spectrum with an excitation wavelength 430 nm exhibits duel emission at 483 and 530 nm.
To get more insight into the tautomeric structure of the compound, we recorded the cyclic voltammograms in less polar acetonitrile and comparatively more polar 1:1 THFemethanol mixtures with six different scan rates. Concentration of HQCAAP was 5 Â 10 À5 mol l À1 and the supporting electrolyte used was tetra n-butylammonium hexfluorophosphate (0.1 mol l À1 ). The Schiff base, HQCAAP, exhibits different cyclic voltammetric behaviours in acetonitrile and 1:1 methanoleTHF mixtures. The electrochemical data are given in Tables 3 and 4 . In acetonitrile all the curves have the same shape but different peak currents (Fig. 10) . As the scan rate increases, the peak height is also increasing, however, the position of the peak current both for the forward and reverse scan does not change. This is a characteristic of reversible electron transfer reaction [38] . For each scan the I pc /I pa ¼ 2.03 which corresponds to two electron transfer during the redox process. In the less polar acetonitrile, the compound may be in the amide form and has a mobile proton in the NeH group of the quinoxaline fragment. During the oxidation step, the proton is possibly eliminated (Scheme 2). The positive charge, which arises in the product, facilitates the two electron oxidation. Similar observations were found for 3-indolysine-2-yl-quinoxalines [39] . The cyclic voltammetric behaviour of HQCAAP in 1:1 mixture of methanoletetrahydrofuran (Fig. 11) is characterized by one reduction peak and two oxidation peaks and are strongly dependent upon the scan rate. As the scan rate is increased, a new cathodic peak is observed and its peak height increased with further increase in scan rate. This wave splitting might be due to a self protonation mechanism involving the proton transfer from the acidic iminol form to basic reduction intermediate [40, 41] . Hence in less polar acetonitrile, HQCAAP exhibits cyclic voltammograms characteristic of the amide tautomer, and in comparatively more polar methanoletetrahydrofuran mixture it shows cyclic voltammograms characteristics of its iminol tautomeric from. Generally the fluorescent heteroaromatic compounds with imine nitrogen atoms (C]N) exhibiting less negative reduction potential compared to the analogous aromatic hydrocarbons and heteroaromatic rings with oxygen or sulphur atoms are reported as good candidates for n-type semiconductors in organic electronics [42] . HQCAAP exhibits half wave reduction potential at À0.77 V (in acetonitrile), which is comparatively more positive than that exhibited by pyrazine (À2.08 V) and quinoxaline (À1.62 V) [43] which indicates that it is a better choice for n-type organic semiconductor.
Thermal properties of HQCAAP were determined by TGeDTAeDTG and DSC measurements in the temperature range 40e600 C. The DSC thermogram is shown in the Fig. 12 and TGeDTAeDTG curves for the HQCAAP under nitrogen atmosphere with two different heating rates (10 C min À1 and 20 C min À1 ) are given in Fig. 13 . In DTA, no sharp endothermic peak corresponding to melting was observed; instead of that one exothermic peak was observed at 245 C, suggesting the compound to have no sharp melting. The compound may undergo some decomposition/phase change without melting. The first two exothermic peaks in DSC correspond to the loss of two water molecules which might be hydrogen bonded to the HQCAAP. One water molecule may be hydrogen bonded with the oxygen of the pyrazolone ring and the other may be hydrogen bonded with the amide NeH of the quinoxaline ring. However, in the TG curves, the mass loss corresponding to removal of water of crystallization occurs in a single step below 110 C (in the temperature range 45e100 C for 10 C min À1 and in the temperature range 50e110 C for 20 C min À1 ). As the heating rate decreased form 20e10 C min À1 , both the peaks corresponding to the loss of crystallized water molecules and the decomposition of the compound shifted to lower temperatures (Fig. 13) . The procedure employed by Li et al. [44] was used to find out the glass transition temperature; T g . For this, the compound was heated upto the 220 C (below the decomposition temperature) and then was quickly cooled by swirling water. When the resulting amorphous glass of the compound was heated for the second time, a glass transition phenomenon was observed at 104 C in the DSC. In principle, all the organic compounds for electroluminescent (EL) devices should have high T g values [44] . Comparatively higher value for T g (104 C) suggests the application potential of this compound for EL devices.
In the present investigation, Z-scan technique developed by Sheik Bahae et al. [45] is used for measuring the non-linear absorption coefficient, imaginary part of the third-order nonlinear susceptibility and optical limiting threshold of HQCAAP. The open aperture Z-scan curve for the HQCAAP is shown in Fig. 14 and the scatter dots are experimental data while the solid line is the theoretically fitted curve. The open aperture Z-scan curve shows a normalized transmittance valley, indicating the presence of reverse saturable absorption (RSA) in the compound. The obtained non-linearity is found to be of the third-order, as it fits to a two photon absorption process. The corresponding net transmission is given by, To study the optical limiting property of the sample, the nonlinear transmission of the sample is studied as a function of input fluence. Optical power limiting is operated through the non-linear optical processes of the sample and an important term in the optical limiting measurement is the optical limiting threshold. The optical limiting property of the compound can be estimated from its Z-scan plots for various input fluences. For this, the nonlinear transmission has to be plotted as a function of input fluences. From the value of fluence at focus, the fluence values at other positions could be calculated using the standard equations for Gaussian beam waist given by; Fig. 15 illustrates the optical limiting response of the sample. The vertical line in the figure indicates the approximate fluence at which the normalized transmission begins to deviate from its linearity which is considered as the optical limiting threshold value. The fluence value corresponding to the onset of optical limiting is found to be 340 MW/cm 2 .
Conclusion
The Schiff base, HQCAAP, is polar and exhibts amideeiminol tautomerism. Its polarity decreases in solution. It exhibits positive solvatochromism in its absorption spectra where as a negative solvatochromism in its emission spectra in various solvents. The results of the UVeVis, fluorescence, CV and DSC studies suggest that the present compound is a suitable candidate for application in organic electronics. The values of third-order non-linear absorption coefficient, b, imaginary part of the third-order non-linear optical susceptibility, Im c (3) , and optical limiting threshold suggest that this compound might find application in the photonic age.
